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(57) Abstract: 

PURPOSE: A method for forming shallow junction 
using silicon germanium selective epitaxial growth is 
provided to effectively prevent a diffusion of 
impurities via a gate and a reduction of effective 
channel length by using an SEG(Selective Epitaxial 
Growth) of SiGe. 

CONSTITUTION: A polysilicon gate(22) and a barrier 
film (23) of a spacer structure are sequentially 
formed on a silicon substrate(20). After partially 

removing the polysilicon gate(22) and the silicon! . 

substrate(20), a SiGe layer(24) is then grown on the removed region by using an SEG. Lightly doped 
dopants are implanted to the SiGe layer(24). A nitride spacer(26') is formed at both sidewalls of the barrier 
film(23). By implanting heavily doped dopants into the SiGe layer(24) and annealing the resultant structure, 
source and drain regions(27) and a source/drain extension(28) are formed. 
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b wss'tfsai- 7isiw .set 205, Soi gaa -ai^ois ounrai-s-sss oia** ars? s 

ttS SSDO -fiff 201 Hi. " a »w« ±^/EE02l »§2J »:SM- CEKS IMsffl* SOI Stf 

S32|-«M*S* 22f^HS mitT ^ StSDt TllQIMs -tf^«S| Sfi+a S'AIW gffIS ^ 2J£ 

□I:,. ^-^/E : ae! «rs2i ««« s^ais* 21= aaa-»sois a^sj onEmtfdsa oiast- s?s 

^ S£ SS SBI fl'SfftsQI 3 ^^01 KQ. 01 M £lfffl B »3'= ±S £S0| fiaa 7|-5' 

m\ a&iaaa WNfi a-ss a ±ioim ®eh°i naa-cm wept; fipraEiaas'xois 
a #71 ^aa 7is§ is^j H2EPt;- 4*7i sitis: .«m : n-ima 

«§S OieohOI Si6e»g SSAI7IS #71 SiGe°MI .ESS . 2?BMS"*4&» S7I 

UHaOje* SWfe ^10| Ai# J.SEPI-; 91 «7| Si6e°|(HI 2£E .fi^ii 3316 

SMB. SfiWKH 01^01X1^ flEI : S-»§DF6 Oilill^g SSft DISS! ^St 

*?2fOf 

SEG , Shallow junction, Si6e, Extension, LDD, 
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2?9£f &Af& &9 

s vfes &slm 7mn fie ^s^, &mm^ ^ E 4^ ^ei^-tu^o^ oum^ sscsiee 

Selective Epitaxial 6rowth)e OIM?_ h S£ (Shallow junction) &g W^Oil fi£* 20IQK 

oi-sai g-xiej »ar ^e t> p ^rah na^ae »» &a»(Short channeoiw stsEisAt oaacH, 

S^(Metal; Oxide Serai conductor; Dim MOSEr tO^ ^ ^/E Ell °| (Source/drain) Z^ej §2011 At 35!" S7I 
SKElectric if ield)OU £ET=M(Dril t)g SS?f OPIEIS §*#2! S» ^(Punch-Through)El ^ 

*U?r 'ItB&LB 24Ch 

E*h ±^/EEll°! §dtHlAi2| mmm (Depletion layer)OI °U_r3AI 3*1 £^ MEO 01 3DS (Punch- 
Through. Breakdown) aSofflt Elfe.-HK OBIS 7|fi2| B&S feE^I- ^Tilih E= Bffl^g 3 
£ *' : Sd-2| £E=0| EJLrSAI i^/EMS! ArOlM SWI ^aj-o^ gsj^ 
M W» 4:StKScaling down)£| 2 SHBOI E|H 3l2tt, Oiati" M-EtOlaQS iSf M?SPI 
^loH LDD(Li ghtly Doped Drain) ^£21- SdS ■Ql«*f= g-ffiQI ArgEJH 2iQ. 

HEHLK STM-EIOi ElKHot carrier effect)M ^Mt\7\ SltH .S3 (Logic) ^S±(Complementary Metal 
Oxide Semiconductor; Q\t[ CMOS&H W M5. 33N-AT S^l££ OlSufe LDD ^£2J SHg- 
§3 (Extension Junct im)MAt XIS "S^SSI 'SSrirOlO^ SHI-SW 7l2]5rOI &»B 

HlKShort channel effect )?r "Sa-SCTI EICH 4Ar°l i! Si SOI Str£l= SfllSOl Uh BEI^ 

Sir^, MQIM S0|(6ate iength)7h SOOTS At ±±9.[ EaiSlOijAt 4S£E|^ -S.H#S| ^01 711 01 M a 01 
Oil Um ^AIST £ Kg §£S 71901 ma.Sfi: '»H2|;«D|31 3±m^ 2 ^(Threshold voltage) 
01 &&*lfe -tt£0|£l." 

£ 1= BaUtB-Of Dfcl SSS LDD fiFM$-.3fiB EAISJ EfHEOiQ, 

£ ie §£?is, ±±/Eaiei (ii)oi *«s-tfa5 ?i-»(hd- s-oa 7ih<*o)j» su-ei^ tuswi tfa-s* 

§5 §a^(i2)I .?tll§ BattfEI9 71 01 M 3^(13)01 #SE|0) SJSOj, MEI^EIS HOIM 3^(13) 
2| «U|B 3*fe H« Afl Q| A| (Spacer, 14)71 §SE| 01 SIQK. 

0f2|:AL E3^2 "IB'S ±^/EEii°i ^(Extension) E^ 93019 XIS*r= HI, 01 21 ^ >||0|E 
2^(13) «|-» SEI^EIS « 01 Station Implantation) ^ SSS# '»».MH'S^H'S 

nEiLK ttfttt-ura ^eh°j saonAi= cnju* a^ gsisoi wwm bo. 

S^SE^F ^OrAI^AI xB^ g^o^2J aj-Ah gsa SOI ^£S°| »^SE?h 

±*r2[ say s^t aoHi .eioi &at? Ur» aoi wyg aop r a-^wi ttfM s^ssfsi 

S-^WI 2|$B ^»2J >JSIE7I- 3711 mown BQK 

ttB, OlEizJ" SWM $H.SWI ^I^H OIS^S e(HI °M M^M ?SS r = E^(Dose) 

s-£i ssiS" ?h^m 10.171 eis n& ^m»Mm ««or B^»rai '-S'n-B'dl &*ssct & 
maw. sis- ^stwAisj «tn #^oi ^i snoisAi aa a: soi atf^ssi- 

S SfSS'S SSSI- 2tSE|0jA|H Hr WlgjCH, ^013 (Elevated) i^/EEOSM 0|'SSt= » 

sir «^°] m^m ^sai 7iioiMe m^S2) xtii&a ti Araou ch 



aim s# seh7i^°j snsB -«iad^r ^1^1-01 siysi s sss, thiin^^ sam oiss'roi 
g<y g-ea xn^ferji □ ^01 sio. 

^ miia^a ^sa oig^ g>3 ^s g&a assteDfl as ^^ai SID. 



^i ^*\§ vatm.ma b.itss, ^§ ^soi ses 4*35 §m #ei^eis. thoim 
a ^iaioiAi §eh2] Hoorera sse^ mibtb; 4^1 mei^ei? tiioim 2^ 'a ^1 ^ei^ 715m 
?ai^^r= SI237B; ^oti aow ooiQBia ssa oiguK^ smelts 

SSAI^I^ BI3B70; ^71 Si6e^KHI Ai^E g^SS ^SSr£ fll 4B7fl ; ^71 HHEJCH^ m^M ^ 
H10IAIM aSSfe H-5B»; S ^71 Si6e^(Hl H^E m^MM ^t[^ «j8BMB .5«rtHM OI^CHAI^ 
^EI5-7BMDFe Oflill^^ 5§1 01^ §d SUB HIStlQ-. 
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oi», b arsoi. 7i0g.owM ws9 73*\m 31-2 e us*- .soiwi. m-aiv * sae 

^ apf «|ftKM S gAIOAS S¥t!- £ 2a LH X| E 2gl »£*}Ql SfAIWQ M&ttn. 

E 2a LH7CI E B a2 9 SSAIOflOfl WE 4tfllS-J0=t]|* Mn\ma SS"S GlSth tf3^ 

S3* EAIt* &SEOIP-. 

BW, £ 2a0ii EAIS BOI, »4W2i SSS #oF0| fiEIS 3l5(20)2f S«l= *I30)| 7A0IM 
^•(21)5 g>= SSI t£ El 5 XIOIM 5^(22)m 315 SS§ OKI- UHEICH^(23)g «£Sfe HL 
0131 At £J3j HHE|CH(Barrie)° | -(23)g 0|.*=. MS= SSOilAI »SS* SS^Wsh 

temperature Low Dielectric; 0|o| HLOEF Ol^olOI BOA ~ 150A9 =]JDM ^E^ *JEh 

W3I*A|2| HHE|0|SK23)S »£*tei LDO ^£Ofl A| »E|tfEI5 >IIOIM *R(22)9 31 
OK-IEF *^ BS'S! Si6e9 fle™ Mfflejfl SSDII CMf TilOlM 2^(22)1 01$= CETttEl 
5 ^3011 Si6e9 «§g *tSoHS, B.» SSM dbi/HE|je! ^Si xHy S3 

2h ±39 ZF^g S^H 3EIAI3IEW SKM MS SOIS *FH*}£* ZYZ ^ e K E ^fltth CD-EhAi, 
HHEIOf^(23)Eg =JJfl3li LDD 0l££S S^ffl: 'tttfl 3:3* li£ SEIAIS " 

0)y (Annael) SSM 9SH tttiJIEXI »>±0| ffl^OWW S£S SlfiOl 3t2E£ fiWt* SXISIS 21 

oi unrasmh 

■01 EH AT,. E 2bOfl EAIS HK|. ITOk 315(20) 59 # 2*! ^zti^M-dL HHE|Ot°»-(23)0| >il0|M 
5^(22)9 ftt«ff OliaCH, ^ffllOIAI SEHS "SEW" fcfEt 

E 2cDil EAIS UKh »0L 12H 231 2j£J ^RJSKH 315(20) S Til 01 M 5^5(22)9 ME\ 
5S «l3)Sfe 30QA ~ 800 A9 AI.EI5S TILOIM 5^(22) ^9 tf-ElijU- 

UH El 01 ^(23) S«3 Oil §g xl (Trench) «^GI OI^CHAIE^ tMIK 0J3IM M^5C| ^^01 Eh S«fe 21^ 
3I5HJ Sf«-90| ».BfE!-BS fcrahPW STIIS SE a»stjfr HHEICH^(23) AF0I3F Xfl3iae 

"ClB-Sa, E 2d0il EAIS BW -BOL SIG^ OilEl^lfl SSS -OlSStO! fe'EISQI S^XHI 

25)S§A|?IB, ■« EI.SST- *0l E= H MLF 200 A ~ 400 A Q ^7il SSA|3i^ HK 

200SCCM -400SCCM2I SlltGUfiF 200SCGM ~ 400SCCMa 6eK» S 100SCCM ~ 200SCCM2J HCi°l ±± ?Y±m 

0\mtm 750*G - 900*9: S& £E SI ITorr ~ 50Torr2J ^ ulQilAi fiAltKh. 

^;^£5, £Eie9 ^01 SQI- 200A ~ 400A □ ^§A|5|H^^, SiGe5|(24, 25)9 ^3 

m-E ^§(0ver-growth)0il td-EF S^a MEIMEI5 AF0I9 *TEIAK)I.E (Self -aligned 

si licide; salicide) SS^Sl §3}AIS2SAH, ttt^Hh SEISEI5 AH3I9 . .»M &4:AI1 4^ °> 
Q. 

/fiiH^ (HiUBja S5S n nh^2| agBUKSS C0-B1- i§2| st§ SSufe ^SSAl 

s*toi sai:oo -014-01 n= ^soi hk aa^'S: e^rsoii ui«- Him^ is itj a ^§e?ii(6rain 

boundary)0i)AI9 gaol 301 SW( Junction leakage current) M9 " 5«0I -VS-OI. *S1 

SEH., Si 6^ fiEISOlU SEiaa5'M UIW >£'*H tH»'Sftf«. ha»|f«ffl OH-IEF S^MOil CHt^ 
H§E(Solubi l ity)3F &§0| 2iCh. 0|3|A|, E34S' 25':= 31 5(20)9 SgSHStf S : EH'S SS 
S MiE|-Si6ee}# UEH1HS, *24'^ 7H0IM 3 =(22) MS 2! MEI^EI^lh SH«" '9S ^EHS 
SEhSIOeStM UEftSCK 

tJ-S, Dliii S^S Ul§§ ^EI^(Amorphous siliconjm AKguhfe S^E Si^Lh dISl ^El^^ 

9 'SSSOil 9*1 i§ ^Xh3h bfflTfl EIGH lEItfaSlt SAffif SEHS fclWTil 9°i SIGetHI UitB ^31 

e i«aoi soiws etsoi aa. 

B^^^ 2S:EA(N-type Metal Oxide Semiconductor; 0|*t NMOSEF &)= ^^M0| ES.EIAI ^ TiiOl 
M S^(22)S ^^9 WSSSI* WoTO NMOS :: TOfllM 5^(22)S" «a*HJ", IEIS^(P-type 

Metal Oxide Semiconductor; OISI- PMOSEF ^)9 2^ S!"(P) S9 M^IOI i§HJ ^ £g a X|0|E 
2^(22)M OA|--0IS*ffl«-tfAlt«CF. PM0S9 2^ SEGAI ^ ^EOil dl^B ^^>E 

3h □ m^n a«H'ss a-^ Aia sej-oo nmosm ui« as ?»3f □ apowiTu eihs ai^ ^^oii 

mE (Growth rate)9 SS-GI ■ "IfiWy £fe UK B ^SS ES S^OD 57HS10I Si6e9 AhgOl 

LmS.^ E 2eOU EAI& Um &0L S-31 a^OI CH^hOl Ol^sh g^(BF2), b|i(As), ^(B), E^ 
2j(P) #9 ?H^E M^MM AF§*KM OIS ^SS .^Alt»0 ? 

LI^^S, E .2f.p| EAIS tifSF &0L gg# EQEF S.5|-^(26)M SsrtJQ. 

EhM^S, E 2901: EAIS ■■HH&.BOL ^jD-M H 3*2^1 ^WKU UH El 01 ^(23) 9Stm 
*UQ\Ht26'M Chg. j»£"*£»2 OI^^S a g^ga5l(Rapid Thermal 

Anneal ing)S2j- Oiy ^A|3|-01 £^/EE0£!(2?) S| H ^dlW 9th i^/EEHS! ^S(28)g 

S3I& um -aoi oi^oixi^ = &ss, ^ sxioo sjat!- Si6eg AI-g^HDI S0I5 i^/Ea 
2jm ss^mi sioiAi. seem -oistfH-s«; is itioi °m «ssrai, hld uhbich^s "«iw seo 

A| >0O|E =«OJAI Si6e9 SSS 'S^trffl- #A|Oil °2 xB» S^9 »S§ ^ h ^ 2401, EKB^ S3 
a TilOIMM M£M9 SIR^ g-XIS 4= 212DL ^^/EcU2! ^S9 V« ^ Si 



oi^wiaj gssi- b a-#» ^aiod a Esoo 950 erase 201 0H_ia ^ ^S9 3i# 
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3 M&m SOILI-XI LHWIAI 01E1 7OT »*h »» S! £301 7teS*Q= 201 = ^sor ^Sl- 

= 7|ggOKHIAI S^2| 7h2 TtWn 2iCH S^IT 200. 



21 eifli^ 4= sfe aiw -sis-or, ?iiom ttt m^m^i acfttf eja* 4= sich. 

3^3j.£3 ±A>2J d5IE * 4ii Sf^AIS 4= Sl=r ^UtT SBS 7IEHIT4 



<377 B*t 

i§ sgoi srei! ^ei= 7i» ^mhi BEKaari nom bs, s ±iioiai «eh?i maoism «4th= 
bus*; 

471 S£|gEI5 7{|0|M 2^ g 471 #EI5 7|©# $'lg>S XD7iSt= 

471 HITIS 33 4011 fiBtaf Oil IIP! g 43S OlgSIOI S16eSi§ 4§A|?|= »3EPtJ 

471 SiBeHKHI SfeE B£SS ^fiftfe EI4S7JI; 

47| HH El 01 St S*fe ^f|OI aim xiisejii; S! 

era -sitetioi asE i^tf ^asfe .aEBSi 

m st^m oi^ows m ei b-3| Iofh oHma S§f 0| : 8S* #£^ §2 *4 ss. 

2. fll 1 *W SlOjAt, 

471 HHEIOietS, 2S0BA1 SSS WSS* iM^Tll S35KHLD)°J Sg2S«fe #EI=-?1lHlGf 
h ffl-0|-a| Oil mess. 4SS OI©«t *?££ §S 

g^tr 3. ai i tioii stoiAi , 

471 HHEIOieiS 50A LHAI 150A°I ^1)021 2S 5122 SIS £EI=-?l|SOfe dB|3j Mffleifl 4:§g 

oig&- §i3 #4 sfu. 



4. M 1 *KHI S101A1, 

471 SI2B71IS, 3^1 iJ2i-S S«l 471 4'EI= 7\& Si 471 SE|£E|= TflOIMM 300A. LHAI 800 A2J 
SpTOEM 3EB7Hoh= 2S 1922 Sh= ^ElE^MOhfe Mttioja- g&§ 0|g*K MS.^ §d S 



#71 .XD3B70(HIA1, fe^l SiGel #71 .ASM HAT ^71 MEIS 7I5T 6T7I ME|^EI5 70OIM7I M7\^ 
^fflia- §^oh?il £E^ ,200.x - 400A Q fe« SSA|7|^ a# ^S^S ^EI5^l=Dte 2^*1 

(HiKi^ s&# djse'-tfs* ts ws, 

SWfi. « 1 tM 2AQWL 
^71 ai3S-?ilS. 

200SCCM LHXI 40GSCCM°|; SiHXUSh 200SCCM LH XI 400^Ciej GeH* 9! 1Q0SCCM LHXI 20QSCCICJ HCI2I ±± 
7. 6 t>KHl aCH AI 

^71 «3e?fl=, 750X LHXI 900X°J S§ S£ S ITorr LHXI 50Torr£J uhOilAI ^Alo^ 2g ^§ 
ufe tf-Eia-MSDte Oil El ^ ggg QlSt^ SflSS SB. 
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